Morphology and innervation of the teleost physostome swim bladders and their functional evolution in non-teleostean lineages.
Swim bladders and lungs are homologous structures. Phylogenetically ancient actinopterygian fish such as Cladistians (Polypteriformes), Ginglymods (Lepisosteids) and lungfish have primitive lungs that have evolved in the Paleozoic freshwater earliest gnathostomes as an adaptation to hypoxic stress. Here we investigated the structure and the role of autonomic nerves in the physostome swim bladder of the cyprinid goldfish (Carassius auratus) and the respiratory bladder of lepisosteids: the longnose gar and the spotted gar (Lepisosteus osseus and L. oculatus) to demonstrate that these organs have different innervation patterns that are responsible for controlling different functional aspects. The goldfish swim bladder is a richly innervated organ mainly controlled by cholinergic and adrenergic innervation also involving the presence of non-adrenergic non-cholinergic (NANC) neurotransmitters (nNOS, VIP, 5-HT and SP), suggesting a simple model for the regulation of the swim bladder system. The pattern of the autonomic innervation of the trabecular muscle of the Lepisosteus respiratory bladder is basically similar to that of the tetrapod lung with overlapping of both muscle architecture and control nerve patterns. These autonomic control elements do not exist in the bladders of the two species studied since they have very different physiological roles. The ontogenetic origin of the pulmonoid swim bladder (PSB) of garfishes may help understand how the expression of these autonomic control substances in the trabecular muscle is regulated including their interaction with the corpuscular cells in the respiratory epithelium of this bimodal air-breathing fish.